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The electrocardiogram of athletes
Comparison with untrained subjects

W. Van Ganse, L. Versee, W. Eylenbosch and K. Vuylsteek

From Laboratorium voor Gezondheidsleer en Sociale Geneeskunde,
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The resting electrocardiograms of 30 cyclists currently involved in competitive sport were compared
with those of an equal number of healthy controls matched for age, height, and weight. The
cyclists had significantly lower heart rates, longer PQ,QRS, and QTc intervals, higher T waves in
lead 11, left axis deviation of the T wave, higher R waves in the right and deeper S waves in the
left praecordial leads, and deeper S waves in the right and higher R waves in the left praecordial leads.

No significant differences were found in the incidence of incomplete right bundle-branch block,
or in the mean QRS axis, algebraic sum of Q, R, and S in the standard leads, algebraic sum of
the T waves in the standard leads, and the height of the praecordial T waves.

No correlation was found between incomplete right bundle-branch block and other electrocardio-
graphic findings suggestive of right ventricular hypertrophy.

The possible significance of these findings should be assessed by prolonged prospective studies

in athletes and untrained control subjects.

Apart from their importance in assessing the
role and the importance of various aetiological
factors, epidemiological investigations of
‘coronary heart disease have repeatedly
stressed the need for careful standardization
of study methods (Blackburn, 1965). For
example, Simonson’s excellent study (1961)
clearly shows that one has to rely on stringent
criteria of selection and measurement in order
to be sure whether the electrocardiogram is
normal or not.

To our knowledge, such criteria have not
been applied to trained athletes, a group in
which electrocardiographic ‘abnormalities’
are currently judged to be frequent. Most
studies of the electrocardiogram of athletes
are either isolated case reports, for example
Wenckebach heart block (Cullen and Collin,
1964), or uncontrolled group studies. The
criteria for normality in the latter depend on
the experience of the investigator or, more
frequently, are based on dubious normal
values obtained in groups of uncertain com-
position. A possible exception is Beckner and
Winsor’s study (1954) in which the electro-
cardiograms of 165 Marathon runners were
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compared with those of 40 non-runners. How-
ever, their controls were not matched for age
or body build, both of which are known to
influence, among other parameters, the elec-
trical QRS axis (Kilty and Lepeschkin, 1965)
and the amplitude of the QRST deflections
(Manning and Smiley, 1964). Furthermore,
the fact that the controls were active aeroplane
pilots casts some doubt on the representative
value of this group for the non-trained general
population.

This paper attempts to find out whether the
electrocardiogram of athletes is characterized
by any specific features which cannot be
ascribed to age or to general body build.
To some extent, it also investigates the signifi-
cance of any changes in relation to the degree
of physical training.

Subjects and methods

Only professional or semi-professional cyclists
were studied. They had all been active in com-
petitive sport for at least two years and were
examined after they had been taking part for at
least two months in the current season’s competi-
tions. The cardiorespiratory state was assessed by
clinical examination, fluoroscopy, simple ventila-
tory function tests (vital capacity and FEV,.,), and
routine blood and urine tests. The control sub-
jects were chosen from the male participants in
an epidemiological survey carried out by this
laboratory in a rural population near Ghent. Sub-
jects who had been involved in competitive sport
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were excluded, as were those whose clinical, bio- TABLE 1 Matching of two groups

chemical, or lung function findings might have

affected the electroc diografn. The con?rols were Average age (yr.)* Average height (cm.)* Average weight (kg.)*
matched with the study subjects according to the e
following criteria: age +2 years, weight +5 kg.,  Athletes 21-85+2-98 1775+ 58 721461

Controls 21°72+3°10 177351 718+ 65

height +5 cm.

The electrocardiograms (12 leads) were recor-
ded in the recumbent position at a speed of 25
mm./min. by the same technician. Care was taken
to ensure consistency in positioning of the prae-
cordial electrodes. Tracings judged technically
unsatisfactory by the criteria of the American
Heart Association (1954) were rejected. Included
in this study were 30 athletes and 30 controls.

At least three cardiac cycles were analysed in
each lead. The amplitude of the deflections was
measured in millimetres and the duration in
centiseconds. The following items were studied:
heart rate, calculated as the mean of the rates in
V2, V4, V6; mean QRS axis of the three standard
leads; mean T axis of the three standard leads;
PQ interval in lead II; QRS interval taken as the
widest of the three standard leads; QTc calcu-
lated as the average value of QT in V2, V4, and
V6 and corrected for heart rate (Bazett’s formula);
the algebraic sum of the Q, R, and S deflections
in the three standard leads?; the algebraic sum of
the T deflections in the three standard leads!;
(RI or 2+ S5 or 6) calculated as the sum of the
highest R in either VI or V2, and the deepest S
in either V5 or V6; (S1 or 2+Rj or 6) calculated
as the sum of the deepest S in either V1 or V2 and
the highest R in either V5 or V6; T amplitude in
lead II; highest T amplitude of the praecordial
leads; and incomplete right bundle-branch block.
In order to avoid inter-observer error all measure-
ments were made by the same observer (L.V.).

The significance of the difference of the means
was calculated by Student’s t test, except when
there was a significant difference between the
variances of the two groups (F test), in which case
a non-parametric method (Mann-Whitney U test)
was used. Correlation coefficients and x2 were
calculated by standard methods.

Results

Matching of groups The average age was
21-85 (181 to 29-9) +2-98 years for the ath-
letes and 2172 (17-9 to 30°I) + 3-10 years for
the controls. The difference between both
groups is not ‘significant (t=0-'321, 0-7<p
<0°-8).

The average height of the athletes was 177-5
(162 to 185)+5'8 cm. Corresponding values
for the controls were 177:3 (167 to 185)+ 51
cm. Again, the difference between both groups
is not significant (t=0-283, 0-7< p<o-8).

The average weight of the athletes was 72-1
(61°5 to 84-5) + 61 kg., and the corresponding
values for the control group 71-8 (60-8 to 86-1)

1 These quantities were chosen because, according
to Simonson (1961), they follow a normal distribution
in the general population.

* Mean values +1 SD.

+ 65 kg. The difference between both groups
is not significant (t=0-350, 07 <p <0-8).
These results are summarized in Table 1.

Electrocardiograph findings

Heart rate

The average heart rate of the athletes was
532 £ 7°4/min. with extreme values of 44 and
75. The corresponding value for the controls
was 70-8 (53 to 98) + 10-6/min.

Since the variances of both groups differ
significantly (F=2'11; p<o0-05), a Mann-
Whitney test was used which showed a highly
significant difference between the two groups
(z=506; p <0-001).

PQ interval

Since no significant correlation was found be-
tween the PQ interval and the heart rate, in
either the study group (r=0-269; p>o0-05)
or the control group (r=0-210; p >0-05), no
correction was made for the heart rate. The
average PQ interval was 0-186 sec. + 0046 sec.
in the athletes (range 0-120 sec.—0-340 sec.)
and 0°149 sec.+0-027 sec. in the controls
(range 0°100 sec.—0-220 sec.). The variances of
both groups differ significantly (F=2-93;
p<o-or). The Mann-Whitney test is highly
significant (z=3-81; p <o-001).

ORS interval

The average in athletes was 0-098 sec. (range
0060 sec.~0'I30 sec.)+0-018. The corres-
ponding value for the control was 0-087 sec. +
0°0I3 sec. (range 0-070 sec.—0-120 sec.). The
variances differ significantly (F=2-12; p<
0-05). The Mann-Whitney test is significant at
the 0-05 level (z=2-00; p < 0-05).

QTec interval

The average QT interval corrected for heart
rate (QTc) in the athletes was 0-414 sec.+
0032 sec. (range 0°35 seC.—0°47 sec.).

The corresponding value in the controls
was 0366 sec. +0-020 sec. (range 0-340 sec.—
0'410 sec.). The variances are significantly
different (F=2-76; p<o0-05). The Mann-
Whitney test is highly significant (z=431;
p <0-001).
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ORS axis

The average QRS axis in athletes was +61-2°
+357° (range — 50°-+ 103°). The correspon-
ding value in the controls was + 55-0° +38-8°
(range —62°-+100°). No significant differ-
ence was found between both groups (t=091;
p>0-2).

T axis

The average T axis in athletes was +39-3°
+23-8° (range —35°-+81°). The correspon-
ding value in controls was +50-0° (range
—5°-+4122°) +19-8°. The difference between
the two groups is significant (t=2-70;
p <o-or).

Algebraic sum of Q, R, and S deflections in three
standard leads

The average value of the algebraic sum of the
Q, R, and S deflections in the three standard
leads was 20'94 + 13-28 mm. in athletes (range
—2'75-48+50) and 19-00 + 10-67 mm. in con-
trols (range —0-75—38-50). The difference be-
tween the two groups is not significant
(t=0-89; p<0-2).

Algebraic sum of T deflections in three standard
leads

The average value of the algebraic sum of the
T deflections in the three standard leads was
818 +382 mm. (range —1I100-14'75) in
athletes and 670 +2:58 mm. (range 1-50 and
12-75) in controls. The variances of both
groups are significantly different (F=2-18;
P <0-05). The Mann-Whitney test shows no
significant difference between the two groups
(z=174; p>0-05).

T amplitude in lead 11

The average amplitude of the T wave in lead
II was 3-98 (range —0-50—7-00) + 1-86 mm. in
athletes and 3-28 (range 0-50-6-00) +1-22
mm. in controls. The variances are signifi-

TABLE 2 Electrocardiograph findings

cantly different (F =2-30; p < 0-05). The differ-
ence between both groups is significant at the
005 level (Mann-Whitney’s z=208;
p <0-05).

Sum of the deepest S in either VI or 2 and
highest R in either V5 or V6

The average value of this sum was 39-56
(range 19-00—69°50) +10°I14 mm. in athletes
and 3315 (range 13-25—-57°50) +9:69 mm. in
controls. The difference between both groups
is highly significant (t=3-54; p <0-00I).

Sum of the highest R in either VI or V2 and
deepest S in either Vs or V6

The average value of this sum was 1208
+ 5-72 mm. in athletes (range 3-25-2225) and
9-93+563 mm. in controls (range 3-00-
26-50). The difference between both groups
is significant (t=2'09; p <0-05).

Maximal T amplitude in praecordial leads
The average value of the highest T waves in
the praecordial leads was 8:33 (range 3-25-
13-00) +2-68 mm. in athletes. The correspon-
ding value in controls was 8-55 (range 2-00—
14-00) +2-75 mm. The difference between
both groups is not significant (t=o0-45;
p>o0-2).

Other results

(1) Right bundle-branch block (either ‘in-
complete’ or ‘physiological’ as described in
athletes by Slapak (1957)) was present in 8
athletes and in 6 controls. The difference in
prevalence between both groups is not signifi-
cant. (y2=0-13; p>0°05).

(2) One athlete had negative T waves in
leads II, III, and aVF, and biphasic T waves
in V5 and V6. Another had multiple unifocal
ventricular extrasystoles. Subsequent clinical
examinations did not show any pathological
condition responsible for these findings, and

Athletes* Controls* Significance
Heart rate 53:2+74 708 +10°6 <0001
gRS.ax:s +61-2+357° +55-0+38-8° ot significant
axis . +39-3+238 + 500+ 19-8° p<o-ox
PQ interval in lead II 0°186 +0'046” 0°149 +0027” p <0-001
QRS interval 0:098 +0-018” 0°087 +0-013” p <005
QTc interval 0°414 +0-032" 0366 +0°020" <0001
Algebraic sum of Q, R, and S 2094+ 1328 19:00 + 10°67 ot significant
Algebraic sum of T waves 8-18+3-82 670 +2°58 Not significant
RI or 2+ S5 or 6) 1208 +5'72 9:93+5°63 p <005
S1 or 2+Rs5 or 6) 39:56+ 1014 33'15+9°69 p <0-001
amplitude in lead II 3-98 +1-86 328 +1-22 <0-0§
T maximum praecordial leads 8:33+2-68 8:55+2-75 glot significant
8 6 Not significant

Inoomglete right bundle-branch
bloc]

* Mean values +1 SD.



an exercise test was normal. Furthermore,
their results in competitive sport were quite
good. No such anomalies were encountered
in the controls. Benign arrhythmias, for
example sinus arrhythmia, were encountered
equally in both groups and are not dealt with
in this study. The electrocardiographic find-
ings are summarized in Table 2 which shows
the average values and the standard deviations
of the measurements and the significance of
the differences between both groups.

Discussion

Since the first description of the electrocardio-
gram in athletes (Hoogerwerf, 1929), many
reports have been published on the subject.
Comprehensive reviews have been written by
Reindell ez al. (1960) and by Butschenko
(1967). Most authors agree that the following
findings are particularly common: sinus
bradycardia, incomplete right bundle-branch
block, right QRS axis shift, left T axis shift,
high amplitude of the P waves in lead II,
prolonged PQ and QRS intervals, increased
sum of the highest R waves and the deepest
S waves in the praecordial leads, high T waves
in lead II, ST depression or elevation, and
high T waves in the praecordial leads. Less
common features are U waves, Wenckebach
heart block, and changes in the shape of the
P waves, for example biphasic or notched.
Some of these features might be attributable
to factors unrelated to the state of physical
training, such as age, sex, and height. Further-
more, some apparently abnormal electro-
cardiograms are also encountered in a note-
worthy percentage of the general population.
For instance, in the largest single series of a
healthy male population, Hiss and Lamb
(1962) found first-degree AV block in 7-4 per
1000 in the age-group 20—24. Thus, the nor-
mal range of electrocardiographic variations
is larger than at one time assumed, and this
makes it inadvisable to try to assess the signifi-
cance of any peculiar features in a particular
group without reference to suitable controls.

Interesting negative findings of this study,
therefore, are the absence of significant differ-
ences in QRS axis (despite high praecordial
QRS voltages suggestive of ventricular hyper-
trophy in athletes), in the amplitude of the T
waves in the praecordial leads, and in the
prevalence of incomplete right bundle-branch
block.

The choice of the sum of S1 or 2+ R5 or 6
and RI or 2+ S5 or 6 to assess possible ven-
tricular hypertrophy may appear arbitrary.
The sum of the mean greatest R + greatest S
in the praecordial leads has been used by Kilty
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and Lepeschkin (1965) who pointed out that
the QRS voltage was greatly influenced by
body build. This may be the explanation for
the clinical and necropsy finding (Grub-
schmidt and Sokolow, 1957) that high QRS
voltages may be present in adolescents and
adults under the age of 25 in the absence of
left ventricular hypertrophy.

In a critical study of several criteria for left
ventricular hypertrophy in a group of healthy
males comparable in age to ours, Manning
and Smiley (1964) found a value of 5§53 mm.
for the ggth percentile of the sum of the maxi-
mal R in V5 or V6+S in VI. This agrees
closely with our data, since we found only 1
control subject out of 30 who exceeded this
value. It is of interest that only one athlete
also exceeded this limit. It thus appears that
the whole distribution of this parameter is
shifted around a higher average value in
athletes.

With regard to right ventricular hyper-
trophy, a criterion similar to ours, namely the
sum of R in VI and the deepest S in V5 or
V6, was first described by Sokolow and Lyon
(1949) and applied to the study of athletes by
Arstila and Koivikko (1966). They found it
to be well correlated with vectorcardiographic
but not with radiographic indices of right
ventricular hypertrophy. They also found
that right ventricular dominance was relatively
more common in younger athletes (similar to
our group) than in older ones, for example
Marathon runners. However, criteria correct-
able for age, comparable to those of Manning
and Smiley (1964) for left ventricular hyper-
trophy, have not been described yet for right
ventricular hypertrophy, a point that may
deserve further study. We did not find any
association, either in athletes or controls, be-
tween incomplete right bundle-branch block
and right ventricular hypertrophy as defined
above.

The other results, as in previous investiga-
tions on athletes, differ significantly from the
findings in the non-trained group. What
significance is to be ascribed to such findings ?

The most prevalent view is that a causal
relation exists between the training status and
the electrocardiographic findings. For exam-
ple, Cullen and Collin (1964) reported the
appearance of cardiac arrhythmias after a
period of daily running in two healthy sub-
jects with previously normal electrocardio-
grams. Yet, it is not clear whether the basis
for these changes are morphological altera-
tions such as ventricular hypertrophy - in
rare cases confirmed at necropsy (Kirch, 1935)
— or functional changes (embodied in the
vague entity of vagotonia), which may dis-
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appear after atropine (Prokop and Slapak,
1958) or even during physical exercise.

Other explanations are possible. First,
athletes differ from non-trained individuals
not only with regard to their training status
but also in their intrinsic (genetic) ability to
sustain exhausting physical effort. They differ
also in their general mode of life, for example,
diet, rest, and smoking. Thus, individuals in-
volved in competitive sport have been sub-
jected to a selection, which is based partly on
genetic and partly on environmental factors.
Some of the latter, for example glucose inges-
tion (athletes often adhere to a diet rich in
carbohydrate), are well known to cause acute
electrocardiographic changes (Ostrander and
Weinstein, 1964). Second, it may well be that
physical training induces changes in the heart
muscle which are not related to the physical
fitness and which may even be harmful in
some subjects. This hypothesis is consistent
with the repeatedly reported finding that
second-rate athletes exhibit electrocardiogra-
phic changes approximately as often as top-
class ones (von Csinddy, 1930; Klemola, 1951 ;
Karvonen, 1959; Smith, Cullen, and Thor-
burn, 1964; Hintzschel and Dohrn, 1966). It
could also explain our previous finding that
no correlation exists between the electrocar-
diographic findings and the physical fitness
as measured by the oxygen uptake during sub-
maximal exercise (Van Ganse and Versee,
1968).

We believe that the only means of investi-
gating the significance of these electrocardio-
graphic findings are prolonged prospective
studies of athletes from the very start of their
careers. Such studies will necessitate com-
parison with untrained controls, since more
often than not competitive sport is started in
adolescence when full physical development
has not yet been achieved.

The authors acknowledge the help of Dr. R. Mar-
lier who referred most of the athletes to us, and
the Belgische Wielrijders Bond for permission to
study their records.
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